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ABSTRACT
Two sysiems which satisfactorily utilize signals from geophonas
and hydrophones operated at the same point in an underwater sound field

have besn develunped uader Jontract Monr-630{00) with the rfield itesearch

Laboratorics cf the iagnolia Petroleum Uvmpany in Dallas, dexas. In one
of the systems the Jdirectional compouents of water particle velocity caused

by a water-borne sound wave sre m-amured by a three directional cluster of

geophones, £ low frequercy Lydrophone measures sound pressure zt the same

~

poirnt lispro th

- Wiz 'l e L g o ae e
PRIy A;»\.Lv RV Y P AR

cportional Lo the average values

of the products of the pressure siiaal and each of the velocity signals
These voltages represent the components of sound intensity at the detectors
and are combined to give Ui th the amplitude and direction of the net energy

flow, or intensity, of the sound field. '‘he nature of encrgy flow from a

sgurce is such that when the svstam cives tha direction of vhe vactor it
points to the scurce. The intensity mater, therefcre, can be used as a

pzzzive listening device. Gmall dotoctors, the measurement of net, rather
than instantansous. enerygy flow and operation in the frequency nand between
20 and 500 cps give this inlensity measuring system features that ra e it
attractive for several long range listening applicaticns,

The other system developed under the coniract 1s c¢ne in which &

low frequency hydrophene and a siagle vertically sensitive geophonie are
operated at the same point, Pressure and velocity signals arc Lieca compared
directly to find specific acoustic impedance to a vertically traveling wave.
ne system is convenlent to use, and it i1s suitable for finding bottom and

N 3 s - Sela=ies el e p S oty b ¥ = T ol e - o)
her paflector hlletye sdancss wheire waics depth and ¢ovher i1aciors p;cveut vile USe
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of more standard instruments and techniques. Signal procsssing equinment
was developed so botil impedance amplitudes and phése angles could be found
at all fregquencies between 2C and S00 cps with a minimum of mathematical
computations, Simple modification ol the underwater dztectors would make the
or measuriig the Lmpsdaiice of ships bulls and other
vertical refleciing surfaces,

Development of these naw instruments, the intensity meter and the

impedance meter, involved not only some preliminary field tests which demon-

7]

fuliness of Lhe insbruments but also the desizn of several

4
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special components required for assembling the systaoms. This final report
which sumnarizes the accomplishments under the contract, therefore, does AOt
deal with just tcst results but 2lso describes oriefly the special circuits
anc Lzchnigues that were cevised.

Tetails o1 ihe phases of ihe project hasve been reported previcusly
in separate technical reports. This is a summary of all the other reports.
1{ points vut the accomplishments on alil phases of the work and discusses
the possiblez usefulness of the new circults and methods in other systems. It

also serves as a descriptive index of Lhe previous technical reports.
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DEVELOPMENT OF LOW FREQUENCY UNDER-ATER SOUND EWUTFMENT

I. INTRODUCTION

Under Contract Nonr-630(20) the Field Research faborztories of the
Megnoiia retroleum Company in Dallas have developed two systems for use in
low ireguency underwater sowrd wWork, The first measures the intensity of
' traveling sound waves. The other uses Sound: w-:=5 in the mneasurement of the
. specifis accusiic iupedance of sea bottoms and hull structures.

Both of these are exyscted to be useful as instruments in fundamental
studies of soand transmission and reflection., In addition, the intensity
meter is expected to be useful as a practical, low frequency, directive,
listening device. Tt indicates not only the amplitucdie but also the direction

of the sound intensity vector at any point in a sound field., hi

1 8

direction is the same as that of the sound energy =2manating radially from a

source, Therefore, vy finging its direction the airection to the suurce is
found. The intensity meter, therefore, can be used in military ajplications
for fi.cing the bearings to distant snips and other sound sources of tactical

mportance,

Tne contract supported the juntensity meter development because the

system promisea %o have several! Jeatures that would make it particularly

attractive for low frequency lictening. £ oingle, smszll assembly of detectors

(3]

)

"
D

Li:at operate in th equency band between 20 and 500 cps was propeszd for use

n Lhe system, %o nssd wad anticipated for rotating or moving this detector
assembly to find the bearing to a yrinciple sound source in any direction., Tris
vould make the systew more convenien®t than ti.ose enploying spaced pressure de-

a5

-2
LEC

s fopr directivity. Alsu, the system promised to operate satisfactorily

¢
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whan the ratio of noise from a discrete source (a ship, for example) to the
noise from randouly distributed background sources was low., This sugrested
tnat distent saips producing a very weak signal at the detectors could be
detected even when a hivh ambi=nt noise level is rroduced by a high sea

state or some other factor. Other yromlsca advantage:; of the system included
an output .tisplay tarst could be accurately interpreved by untrained orerators
and facilities for bucking out the masking effects of steady noise from the
ship on wnich the detectors were mounted. Under the contract, the degree o
vhich these advantages cculd be realized in an actual systen was investigated.

The impedance neter's development stemmed from a request by the
scoustics Branch of ihe UMR. The request was to construct a system for
measuring impedance with detectors zimilar to those developed for nse with
the intensity meter,

This system, too, hnas features that make it attractive for its
interded use., lhe small underwvater detectors make it convenient to move the
system abou% for measuring impedance at, 'ifferent points and they make it
rossible to use a dirsct wethod of meacuring impedencs =% sach point. The
method permits wmeasuriag single-poiat impedance within the frequency band
from 20 to 3500 cps without moving tie detectors. The instrumcnis designed
for using the method nake it yossible to calculate imredance anpiltulcs from
Yhe ratic of two metver readings and Yo read impedance phase angles directly.

Both the intersity meter and the impedance meter operste on principles

thet have never been used befare in underwater sound work. " hen these syste

2

s
are used, inteasity and impedance ar« found from the relavionship hetwsen the

fundamental sound field yprorerties; pressure and particle velocity, =t a
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single roint. Simultaneous measuremcnts of thees suaniities are made at
point by the underwater detecturs =nd then vcltages from the detectorz are
processed to form the desired oustput quantities. Tn the intensity meter 2
quantity prorortional to the average product of the pressure and velccity
signal 15 produced. Tn the imredance meter the raliov ol sinuscidal components
of the pressure and velocity signals ig fcund. Develorirg these systems,

tnerefore, necessitated designing not ouly special underwater detectors but

also two sets of special electronic comronents for performing the two different

computaticns. Components designed for comiutation in the intensity meter
included means for multiplying the complex detector signals and means for
using these rroducts to preduce z directional indication of the total sound

pgurement.  Coumputational equipment f{or

it

o of oo

|J.

nteasity vector at the

H-
"3

nt.
tne impedance neter included means for separsting particular frequency
components from the other components of the comrlex signals from both the
rressure and velucily detectors ard neans for measuring the amylitudes of
thue compenents of both signals at any seleched frequency. Taking the ratio
of the measured amplitudes then yields the amrlitude of the impedance atb
thet fregquency. he thase angle between the pressure and velocity signal
conponents at any trequency is read directly from a caiibrated contrel used
ia the process of finding the component asplitudes.

Ancther rhase of ine work under the contract was testing the systems
in tine field, Cnly a few tects were conducted on the impedance meter in order
to snow that the system crerated as intended., ilowever, the intensity meter

was tvested more extensively., Tt was preliminarily evaluated for two srecifie

5
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military applications. In one seriea of tests it waz operated aboard a sub-
marine., Its suitability as a passiwve, long ran:e, directive detector of low
frequency sound sources was demenstrzted, In armobher series of tests it was
studizd as a possible system for use in ha~bor dafense work., OSatisfactory
operation of the system in response to transitory acoustic signals caused by
splashes from aerially laid minea was observed. Vork on this, the test phase
of the project, showed that actuzl systems would operate on the principles
proposed for use, and showed thai such systems have the attractive, theoret-
ically pradicted characterictics.

In order to give a complete picture of the work on all phases of the
oroject, accomplishments on each phase are reported here. This firnai report
describes the special instruments and design techniouee which were successiully
developed and discusses the procedures and results of field tests cn the com-
pleted systems. In doing this the report summarizes previozzly published
technical reports giving deiails on the main vhases. In addition it briefly
describes other component developments and laboratory tests on the system
which were nct previously renorted. Threse latter accomplishmants zre

-
Ad

here in order to mzke the report complete. They concern a multiplicati

7]

method not ultimately used in tne system, and the signsi amplifiers, ihs

vower supplies, the input and output test panels, and the display system used
in the intensity meler, GConsiderable time was =pent developing these uuits
bul Jdescriging them was postponed until now because each was considared to be
minor from the standpoint of naving wide usefulness in other systems. Howevar,

they are not minor from the standwoint of giving +thy intensity measuring system

desirable characteristics.
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II. PREVIOUSLY PUBLISHED TECHNICAL REFURTS

The following is a list of previocusly published technical reports
which will be referred to by their "dash nwrnars'" in the remainder of this
report,

A. TReports ca Componsnt, Developments

"4e  Teczhnical Taipert No. 680(00)-k, "A New Electronic :iultiplication

Method Lnvolving Only Simple, Convantional Circuits", by K. L, Mills, Novamber

9, 1953 (Unclassified). (This was also circulated throuzh the company &as a
Laboratory Raport.)

o

2. Technical Report No. 680{C0)~5, "Cumpass Dial Bearing Indicator

for Acoustic Signals", by S. N, Heavs, Februsry 22, 195/ {(Confidential).

3. Technical Report Nho. 680(00)-7, "Low Frequency Leteciors of

I

Underwatsr Sound", by &, N. Yeaps, April 20, 1554 {(Confidential).

B. TYaports on Tasts of intensity Meter System
anne snter

1. Confidential Navy Memorandum o, Nonr-680(00)-1 to Wilbert Arnis,

ONR (Code L20) dated Cctober 15, 1952,

2. Technical Report Na. 680(00)-1, "First Sea Tests of the Underwatar

hcoustic intensity Meter", by J. E, Vhite, danuary 26, 1953 (Confidential),

3. Technicsl Report No. 680(00)-5, "Report on lests of the Underwater

Sound Intensity Mater for Locating Traneitory Sourges", by ®, L, Hills,

January 18, 195k (Confidential),

C. Report on "mledance Heaswring Systam

1. 3Report No. 630(00)-8, "iA Simple Systen for Mszauring Specific

Acoustic Impedance of Underwater Reflectors at Low Iraquencies", by Joseph

cemanek, Jr., May 20, 1954 (Confidential).

¢
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D, Reportis on Theoretical Studies

Tachnical Reports Nos. 630(00)-2 and =3, "A Study of the Scattering

of Sound Waves in Fluids"”, Part I and Part II (Confidential), by K. C, Karal

June 10, 1953, These are mathematical investigations of the possible erfects
of hull structures on the intensity of scund waves in the immediate neighbor-
hood of the stiructure. Since this work was only indirectly related to tha
actual development program, these reporis are not summarized in the following
sections. The investigations were conducted (o deteririne whather or not
intensivy meter direction indications would be accurate whsnh the detectors

ware mounted close to the hull ~f & ship, or th

»
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assumed to be a sprerical pressure release surface immersed in an infinite

perfact fluid, Devistiorsin the direction of ths intensity of a horizontally

»

iraveling sound wave due to this scatterer were calculated. 1t was found
that they were small at points outside the surfece on 2 vertical 1lina through

the center of the sphere. This led to the conelusion that tha intensity nster

s

iy,

would probvably indicete tne direction of the traveling weve accurately avern

il

when the detectors wsre close to & ship's hull., The actual hull could be
expected to have less effect than the extreme and cbviously unraalistic sur-
face considered in the analysis. Furtheor theoreticsl work on this subject

planned at ine time thes: repcrts were published was not done,

é
”»

CONFIDENTIAL

g T B A S TR A £ B ™ SR R I e T s 5 o

= Whw
ks
et



-CVJ

t
-
b4

I. DISGUSSION

Discussion of the project is divided into two sections, The first

deals with the development of the intensity meter system, dost of the work

used in tactical applications. The second briefzr section cencerns ths
impedance metar which has been described completely in a previous report.

A. The_lrtensity Heter Development

1i Geeral

AL Lhe time support for the intensity meter devslcpment was

rzquested, the system was anly an idea that could be reprassnted by an
aperational block diagram such as the one shown in Figure 1, lhe object of

the develomrent as to assemble actual componcnts that would perform the

da»

indicated cperations and to show that the assembled system would beshave as
vradicted,

1f the system cuv” 1 have been assembled from standsrd parts, a

Vaa

Ty,

list of accomplishments under the contract would have been limited to the :

T,

facts demonstrated by the system tasts, But this was not the case, Frac-—

0}

ticelly every operation in precessing the detectur signals required an
instrument that was not commercially available and, therefore, necessitated
one that had to be specially designed. ilence, the list of accomplishmsiits
would be incomplete without mention of thsse specizl dasign and construcuion
efforts so the compler: evstem will be described
The functions verformed by the components ars the ones required to
measure the mutually perpendicular components of sound intensity at a point

ten Lo prrodice representaticns of vectors which are combinations of these

&
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components that indicate both the s tmuth and elevation angie of the tot
vector. l1n the detector assembly one unii generates voltages proportional to
sound pressure =t a pcint. Three other units in the zssenbly generate woltages
proportional to tha three mutually perpendicular directilonal componente of
waler particlc velccity at the same voint, rtor convenience in interpreting
data two of these uniis arc oriented to measure vhe componenie of veloeclty in
a porizontal plane. The third measures the vertical component. The aasembly
is operated wiih the detecters free to move with vhe water and isviated from
vibrations of any supporiing strucuure, Ihe component, labelad "compensator®
in Fimire 1, Is an electronic circuit which counteracts ths differences in
the operation of the velocily &nd pressure detectors. It makes the vcltages
applied tc ths signal amplifiers have the same relationship to each other
that the acoustical gquantities have W each c¢ther in the water. This proper
relationship is maintained as identical signal amplifiers raise the signsal

levels and filter out undesired signal frequency components. In the multinliers

iy

o

the pressure signal multiplies each of the veloeity sisnals separately and out-
put filters produce dc voltages proportional to the average values of the in-
stantaneous products., 7Thus valtages which represent the amplitudes of the

comnonents of intensity in the three mutually perpenalcular directions

established by the velocity detectors are produced. .Ln the display apparatuc
the component voltzges are added vectorially snd this sum is indicated. The

ecUicn Of Ule Lolai intensity vector relative
to the velocity detector axes is obvious. f[he true beariig to the source pro-
dueing the veclor can be found then by currecting ths relative bearing indication

ine bearing of the velucity detector axes. The true beering ot these axes

CONFIDENTIAL
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is determined by independen® means as the dztectors are installed.

2. System Compcnent, Developments

Separate system components consist of the =quipment for performing
the sound detle.tion oreravions, the compensating operation, the signal ampli-
fying and riltering operations, and the multiplication and display operations,
Characteristics of these compon=snts plus the power supplies and some special
test systems which nake the units suitable for use in the intensity meter
system will be pointed out. Their general charactericstics will be discussed
also bhecaune most of the individual uniis gre sultable for usein other systems.
Also, several novel technigues were used which may be usefnl in othar design
applications,

a, Underwater Detectors

ieport No. 7 discussss the requirem nte of the underwsa

o
T, e a3 e

detector assembly., the sensing elements used, and the mounting and supporting

methods that make the assembly satisfy the requirements, The main requirement

b4

was thal the assembly be small but sensitive to the directional components of ;
water particle velocity aud the veriations in pressure produced at a single f
point by sound with frequency compcnents betwsen 20 and 500 cps. The deteciors
vere also to be unresponsive to other than water-berne scund. A hollow barium
titanate cylinder vas used as the pressure sensing elemant, and a cluster of
standard selsmic geophones wera used to measura the welocity comionents, An
impedance matching; electranis prs-smplifier needed for good low frsgusncy
response 9f the pressure detector was mounted inside the barium titanate cylinder.
This permivted t s pressure detector teo be small,
’.:é
CONFIDENTIAL
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The uss of geonhones made the velecity detector small, In
fact, it necessitated kesping it small, Geouphones accurately measure the
directional components of velocity only when the acoustic2l wave length is
much larger than the dimensions of the detector. To satisfy this desirable
requirement thrze 1-5/8 inch diameter by 1-5/8 inch long cylindrical geophones
were mounted inside a cylindrical aluminum czn spproximately six inches in
diameter and eight inches 2ong., The orientations of the geophores wers fixed
v the axes of maximum sensitivity were all perpendicular, The axis of
one geophonz was mede vertical; tha other two were norizontel but at right
angies tw gach other,
iple purpose of the enclosing can was to insulate
the mecphones electrical terminals from the water. However, its size and

.

, ihe methed of mounting the geophones in it, and the methed of support

'3

it so the geophones would measure only water partigls velocity were not ar-

bitrarily chesen. The can was made cyllndrical so forces ifrom any horizontal

G

direction would have the same effect on ite moticn. It was made large enough

g

tc entrap sufficient air with the peophones inside to mske the assembly iight
in comparison to water so appreciabls wotion would resulu from metion of the
surrounding water. The geophones wzre mounted in the zan in such a way L
tilting and turning would not result from linsar water particle wotion. Two
support points for the whole assembly were provided so that its orientation
would remain fixed after the unit had been installed, 1t was suspended from

P
i3

i struciuse by means of elasiic shock cords. The elasticity

,..k

a stationary sippor

of these cords provided isolation of the detectors from vibration of the sup-

por ting sbructure, and their flexibility permlitted the detectors to move with the

Lo

1
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The velocity datector assembly and ihe pressure destector
This

surrounding water,
nossible without actually touching.
ctively the same

[
cund field preperties at ef
prassure detector from the same

perated as close together a
the detectors

it <}

LHENY:
was done so they would measure
This not only plac

t was accomplished by suspending th

roint, T
cords supporting the velocily detectors
close together but it increased the eflactiveness of the shock mounting ar-

rangement also.
Satisfactory operation
indicated that the underwater detectors fulfilled th
phone output vecltagass due ito vibraticons other than those of the local water
: particles would have produced uninterpretabie results. Such results were
¢
not obtained
The fact that electromechanical velocity detectors such as
geophtnes are rareiy used for measuring the prOpe;.tle° of water-borne sound 7
suggests that previocus attempts tu do so may have been unsuccessivl. If such }J
7
is the case, use of them in the intensity meter represents the first successful ;
application, Tkis then is a noteworthy achievement under thne contract.
This accomplishment is balieved to have been mzads possible by
proper design of the geophone assembly and by operating the detectors so thev
wvere not disturbed by spurious ground motion or vibration of the supporting
siructures, 1f otlier attenpts are made to use zsophones ia waler, a similar
detector design and a comparable operzting iechnique is recommended. If this
racommandation i followed, the geophone promises to bz atiiactive fur use 1o
TRTCEIY A

e
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several systems. It i5 quite smell but it is wensitive and direerive at low

frequencies and neither its senaitivitby nor its directiviity changes witn fre-
q F)

quency over tie band in which it operates. Alsc, iis rupggedness which ha

made it, so populsz> in the gecphysical industry would be an asset in underwvater

soun: work.

b. Compensating Circuit

‘Nl -

e compensating circuit performs a function made necessary
by the fect that time lags which are not duplicated in the pressuie detector
are prcduced in the geophones, It introduczs lag in iLhe pressure channel to

make the pressure and velocity channels have similas {requency characteristics,

when this is done the vcltages at comparable points in ine channels have the

same relationships as the acoustical variations causing them and the product of
the voltages validly represents the sound intensit B at the deteciors.
th ltages validl; presents the s d int y vector at the det

Only the rhase characteristic-of the pressure channel is

changed; so a single circurit rrovides all the compensaticn neasded b

hig, POg

system., The circuit used for this jurpose is an all-electrical analogue of the

-

n;
L

three identical eleciromechanical geophones which produce the signals in the
velocity channels, At every frequency in a wide band this circuit rroduces a
lag betwee its outrut and input voltages whicn equals the lags between the
geophone output voltages and the particle velccity causing the oubtpuis. Siuce
the pressure detector output voltage is in phase wibh the pressure variations
uguency range of interest; adding the rhase lags of the geophencs
equivalent circuit tc the ypressure channel produces just the desired total ghase
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‘ihe section on the compensating cir~uit in Report No, B applies
also to thc compensating circuit used in the inteansi ty messuring system. It
includes instructions for measuring geophone characteristics of impertance to
the compensating circuit design procedure, an exrlanation ot how becth the
circuit configuration and values for the electrical circuit clements can be
derived from the geophone characteristics, and alsce it presenits test Jsta

showing the accuracy of the compensation achiesved by means of the circuite.

The design of this circuit is considered to be another note-

J
g

orthy achievement under the contract. It represents the application ol the

o
v

)

theory of the analogy between electrical and electromechanical systems

N
% LOp4

ot

solution of an unusual design xroblem. The circuvit is essential to the proper
operation of voth the intensity meter and the impedance meter, and the use of
a similar one is recommended whenever it is important to maintain a fixed
relationshiy between signals from pressure detectors and geophones.

~ CI mrmal LmeTd
e JA.&LAQ-L ['xl“tlA..LJ- LTL O

Once proper relationchips between the pressure and velocity
5ignals are established in the system they ars maintained as the signals are
amplified and filtered. All channel amplifiers are effectively identical.

.ith similar filter settings all of them produce the same phas:s shifh witlia

D
e

plus or winus two degrees, and with similar attenuster setiings th

a1

[y
&)

the same vithin plus or minus Q.1 db.
The amplifiers were designed to be extremely flexible so the
Fregquency condivions. ruil amplifier gain, including that of the input trans-

formers which maitch the detectors to the first amplifying stsze, is 150 db,
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his can be reduced ov means af front panel control: in calibrated 2 db steps

to I} db. The 3 cps to 1500 cps pass band can be reduced with independent
adjustable high and low cutoff filters. The lower end of the pass band can

be s&t by means of [ront panel contrcls at aprroximately cne-half oclave
frequency steps between 20 and 300 cps. The urper end can be Set at fre-
quencies between 35 and L0OD cps. In the filter attenuation bend the attenuation
is 13 db per octave. lith the filter controls, signal frequency comporents in
several bvands can be successively selacted for separate study. With the gain

or Signals wlth amplitudes at any level within the dynamic

ranges of the deltectors can be set 2t itne level needed to produce optimum

operation of succeeding components the sysiem.

(=

s

P

teatures (o insure stable reliable operation and to make
mainicnance Simple and rapid vere also ircorporated in the ampiifiers. Complete
amplifying stages with vacuum tubes and other circuit components were mads
identical and vere assembled for ease of replacement can plug~in units. Tach
amplifier contains three of these units. The gain of sach was precisely set
at )0 db., A feed back circuit was used so the gain would depend to a minimum
degree on changes of vacuum tube characteristic with age, plate supply voltare
fluctuations, and iilament voltage variations. If a unit apyrears to be op.rating
imgproperl;, it is simply removed and a spare unit is inserted in its place.

Thne chearacterisiics of these amplifiers undoubtedly con
Lu Lhe successiul operation of the system. lIrobably their most unigue feature,
sdght make them especially attractive for use in other systems, is the
input Lraasformers. These transformers match the 210 ohm georhones to a i,000,000

ohm input grid resistor over the entire frequency band between 3 and 1500 cys.,
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d. Moltirlication and Disrpla

(1) General

for using the signal amplifier

<]

utput vecltages teo produce veltages vroportional
to the directional components of the sound intensity at the underwater detectors
and means for using Lihese to produce a visual indication of the direction of the

total intensity vector. Thc components are cbtained by multiplying each velocity

signal voltage by the pressuie signal vclitage separately. These components are

combined tu produce the toital vector indication in a manner such that the
diraction of the total vector relative to the componeni directions can be ob~-
tained directly.

In general the total intensity vector can point in any

irection in space and an indicator for showing its direction wculd have tc
have three dimensional indications. 3uch an instrument was not feacible s¢

two separate indications which are sufficient tc completely describe the

vector are presented. I oné the projeclion of the vector on a herizontal

plane is displayed; in

-

pete

e other the vector's prcjection on a vertical planc
presumed to contain both the sound source and the detectors is displayed.

The second inaication is of the total intensity vector but only the elewvatior;

e Suyrte ven be [ound. 'I'ne rirst indication is o

o]

the horizoatal component of the vector. This gives the azimuthal bearing to

Roth of ths

sc are requived to definitely locate a source

which may be above or below

“he detectors., However, if only the azimuthal

b i
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bearing tu a sound source is desired the secand indicaticn can be omitted.

This elimizats3 the need {for measuring the vertical component of intensity

end tre underwater velocity detector asserbly need contein only two horizont ally
sensitive geophones, This type of detector was used in most tesis on the in-
tensity meter and only azimuthal beesrings to the sources were found, But

facilities for measuring the elevation angle also were included in the display

apparatus,

The total horizontal componsnt and the entire vector are
Gispluyed in a similar manner. Eipher cen be shown ou the same instirrument by
changing the vollages applied to the instrument, A rolnter that rotates about
the center of the ¢ rcular fage of the inalcamlng instrument i1s made to
represent the vector being diaplayed: This 13 acdcomplishsd by making tne
pointeris projections on two perpendicular axes that intersect at the center

of the instrument face be proporticual to the amplitudes of the vactor zom-

poaents, The pointer then represents the vector sum of the components and

Y

hence the total vecicrs VWhen the horizontal intensity vect or is displayed

Teie

the pointer projections are proportional to the two measured horizontal com-
ponents, Vthen the total intensity vector is display=d the pointer projections
are proportional tc the ampiitude of the total hirizontal componeat and the

vertical compenent,

b=
(3]
b=
E
Pl
o5
3]
]
(13
-
k- 4
1)
ga

nd elevation angles to sources relative

to the velocity deuscior axes srs Andicate‘ directly on the display insirument.
The ﬁerpendicula; sxes of the instrument represent the directions of the vector
components; hences, ihey alse corpgspand Lo the gxes of the underwater velccity

detzcituise The angular direction of the instrument ppintsr relative 4o the

[}
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insirument axes then is the same as the direction of the intensity vector
reiative to the detectors, This angle can te read directly on the irstrument
face. True bearings to sources are found by correcting the indicated bearings
for the orientations of the underwater detectcrs which ars determined by in-
dependent means when the detectors are instglled,

In develering the intensity meter, three dislinet sets '
of equipment were constructed and {ested for performing the multiplication
operation and for displaying the vectors in the manner just described., These
systems are described here in the order in which they iiere comrlcted.

2) Dynamometer SySiem

The first multiplicatiorn and display system was designed
around electrodynamcmeter type volimeters. It sppeared from thecretical con-
slderations which were ccnfirmed by laberabtory tests inat instruments of this
type designed for use with sinusoidal signals would alsc satisfactorily
multiply two ocomplex signals. The product, however, is registered as a needle
deflection so special means for combining the products produced by different
dynamometers had to be developed in ordsr that the intensity vector could be
displayed as directly as npossible,

| The system developed for this purposs is shown in the
form of a block diagram in Figure 2. Three dynamometers were used - one for

finding each compcnent of intenslity. These instruments, which consisi essentially

of two windings, one fixed and the other 1‘e¢ to rotate in the field of the
first due to the interaction of currenis in the two windings, wers operated as

shown in Figure 2. The pressure signal was applied to the fixed winding of each

1

.
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dynamometer and one of the valoeity asignele was applied Lo the moving windl
of esch instrurient. The deflection of the instrument necedles was proportional
vo the average velue of the product of the input signals and was hsnce rrc-
portional to the amplitudes of the intensity vector componsnts

Tne hﬂgh frequency osclliator and the rhasa discriminators
snown in Figure 2 were used to produce dc voltages rropurtional to the meter
defiections. These voltages wmure neaded for producing a displiay

f the totel

vector. With this dizviay the

p

mplitude and dirsction of the intemsity vector
can be found withzul caleulations based on ths meter readings.,

To produce d¢ voltages which were not only provortional
tc the amplitudes of the instrument needle deflections but also indicative of
the direction of the deflecticns, the high frequsniy signal was agded to the

pressure signal applied ¢ the stationary ceils in the dynamometers. This

signal had no influence on the positimsg of the instrumsnt needlas br

<2
induced a high frequency signal in the moving winding attached to “he needles,

The induced veltege amplitude in sach dynamometer changed as the needle roigted

o1

under the influsne

a
[«

the pressure and velocity signais and its phase relative
to the impressed high frequency signsl reversed as the needle pas-ed its zero
rposition where the fixed and raqtating windings were at right angles, These
induced voltazes were impressed on the discriminators where they were coaverted
tc dc voltages with the rezquired characteristics,

The high frequency osciilator signal wac used as a

Hdwat

rerform thelr needed funciign, By using this reference voltage the de outputs
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of the discriminators zere not only proportionai to the amplitudes of the
induced voltages but they were positive or nizgative depending on whether
the inatrument needles were deflected in a clockwise or counterclockwise
direction,

The Adiscriminator output voltages were appliecd to the

display apparatus symboiized in Figure 2 to produce the desired vector

indication. The two voltages representing herizontal components of intensity
(Tn g and 4) Were combined to produce a display of the totat horizontal

intensity component. A stvandard electrcostatic deflection cscilloscops was

used &5 a display instrument. One of t.e horizontal component voltages was

el o
P iama

Lo each of the deflection eircuits, The defleciion of the spot oi
the oscilloscope screen was thereby made to have components in the directicn

Bt were proportional to

2
c’.
')
o
¢
[0
vi
ct

~
~a

s

ne componeris
of the horizaital SCwid lnveudiuvy vesior,
A deflection of this sort makes a line drawn fro. tiLe

center of the screen to the spot position represent the horizontal intensity

Mica

vector. The length of the line is proportional to the vector amplitude and £
the line'¢ bearing relative to the screen axes which represent the underwater

geophone axes is the same as the azimuthal bearing of the source

Adirat w
WA LAV AL

[18]

S
the sound intensity relative to the detectors,

A similar procecure was followed in displaying the total
intensity vector, but an additional piece of equipment was required. This was

for wroducing a de vollage propor*ional to the vector sus of the herizoantal

conponents. Such a voltage has to be combined with the vertical component,

CONFIDENTIA ;
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voltage to produce the total vector, but none was produced

iitriangle solving circuit® in the Adiagram of rigure 2.

e B

tvo dc
voltages
voltages are

These ac

voltage proportional to the sums amplitude. Since -

the square root cf the sum of the squares of

ac voltages,

voltages and

this voltage
to produce
the screen

vector and

the elevaiion angle of the sound source relative to the dete

of a line from the spot vosition t¢ the screcn center were considered,

both caszcs
would bg
to the

LAt

-~

v varws 2w hdl

that are ninety degrees

voltages are adued toget

the total vector display.

the line

advantageous.

oscillescope, noue

g
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<
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when the total

The circuit developed for producing this voltare is labeled

1% rirst converts

----- reszenting the horizontal intensity components into two

out of rhase. The amplitudes cf these

ther and ihe sum 1S rectifiea to preduce a dc

the sums amplitude equals
tudes of the other

the ampli two

the de output i

n

rroportional to the vwector sum of the de input

is therefore proportional to the amplitude of the total horizontal
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is combined with the vertical component voltage ip the cseilloscepe

A 1line drown from the spot pesition to i

center in this case would have a length proportional to the total

its elevation above the horlzontal cscilloscope axis would represent

tentors,
In discussing both of the vector displays the properties
In
would validiy peprresent the vectcr s¢ having it drawn
The line is no% drawn when only dc voltsges are applied

ver., A sipngle spot diswvisced from the sereen center

can Le Ssen.
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Tquirment wac develeped to make the spot orn the screen
periodically trace the line from the screen center to the proper finsl
position and thereby draw in the line. When this was done the line gave

the

)

~¥. 2
e

L

1

oF

R §
< 1

.

pPpeerznes o nig about the center of the acreen a5 source locations
changed. Tt also had all the other characteristics of a pointer guch as the
one deseribed in the early peragraphs of this section for showing the bearing
to a sound source., In addition, it indicated the intensity amplitude, a
vrorerty of negligible importance in detection applications but one of cen-
siderable importance in iransmissicn and refliection studies,

The R-C network shown in Figure ? =with sheoriing switeh
across tne condensers shaped the voltages acroxs th: oscilloscupe terminals to
make the spot draw in the line. The switchsy wetre actually sctz of contacts
in vibratory chcpper relays which were alternately opened and closed at a 60
cycle rate. The voltages on the oscilloscope terminals were zero when the
contacts were closed and then they rose slowly tc the value of the voltage
applied to the networks as the condensers charged through the resistors.

M~

Swmoad don bl Jamleaad
A opvu U Y &

rew the desired llne as these voliages wers
aprlied. UWhen the voltages were reduced to zero the spot instantly jumped

to the cexter of the screen. A3 the veolitages increased the spobt slowly moved
toward the position it would have occupied if only dc voltages had been applied.
Soon afier it reached this point it was returned to the screen certer and the

path was retraced. The spot traverses a straight line path because the two

voltages causing the novemenl alwsys had the same relativs amplitudes., T

in sytichronism and sebtting the time constants in the R-C networks to the same

ewn)

- .

hﬁ‘




b

Pl va

s

o

e

‘gl

CONFIDENTIAL

L
-2
value., This series of evenla was made to recur freguently enough that a
bright line pointer was produced on the face of the oscillcscope.
While this system including the dynamometers, the discrie
minators, and the oscilloscope input voltsge shaping circults represented a
compléte practical set of muliiplication and display apparatus for the in-
tensity meter, it did not represent completiorn of this phase of the work
on the over=zll project, This apparatus appeared to need improvement.
Laboratory tests showed that the main faults of this
system stemmed from the use of the dynamometer multipliers, The instruments

were unatable when complex signals were appliad. They necessitatsd the use

t]

of dizcriminators and 2z stabls hizgh frequeney oscillator «hich made the
system ovjeciionably complex. And the time constant for averaging insten-
taneous products of complex prizssires and velocity signalils could noi be ar-
bitrarily seiected. This averaging time depended on the practically un-
alterable mechanical constants of the dynamameters. 7Tue developuend of the

electronic muitiplier to be discussed next stemmed from a desire to overcome

IVanh,

these faults.

(3) Electronic Muitiplier System

Tn this system the same display sanlrment is vsed but
the dynsmometers and discriminators of the former system are replaced by
elactronic multipliers., Signal amplifier cutput veltages are applied directly
as inputs to these units and the correct dc voltages for producing pointers on
the oscilloscops face are produced by them. A block iiagram of this system
would be 4dentical to the one of Wigure 2 with three multipiiers replacing

i PRt WO e LR « s e Jo¥ . " . - ~
he dynamcometers, the discriminaters, and the high Irequungy oscillater of
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nat figure,
These electronic multipliers were described compietely

in Report No, 4. They employ & new multinlication method in which the product
of two input voitages is found by obtaining the average vaive of the difference
in absolute magnitudes betws=sn two quantities formed by adding a large high
frequency sawtooth carrier to both the sum and difference of the input voltagss.
The report shows thabl this difference in wagnitudes 1s vroportional to the
desired product and that it can be obtained from the input with simple con-
ventional circuits, Hultipliers utilizing the new method are simple and in-
exrensive., They operate with high accuracy over a wide dynamiec range and are

atable and denendabl

LELT RS -

3]

. They are well suited for field use,

= Specific reference was not made in the repcrt tc the
appliication for which thase instruménts were designed sn the raport was un-
classified and was widely distritwted., Considerable inter:st in the muitiplier

has been shown., Several requests for copies of the report from industrial,

governmental, and academic crganizations working on analogue computing systens

Lt

and systems for applying correlation techniques have been filled. Also

anthor has presented parers on the multiplier before meetings of The Acoust

8
(2]
[+
[

Society of America, The Institute of Radio ingineers, and the American Institute

of Electrical Fngineers. Irtentions to adopt the new method were expressed in

all of these cases,and it is understocod that personnel at the Defense Research

Laboratory in Austin, Texas have already done so in a system they are developing.
Previous discussion has already indicated how multirliers

zre used in the intensity meter. Construction »f the instrumeniys for this ap-

- pilcaticn did not take much time. The discriminators already on hand were

CONFIDENTIAL
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convarted to muluipliers by simply changing the input signzls arrlied to them.
They became mulvipiizrs when Uik cum of 4he pressurs signal and the sawhbooth

carrier was applied &s cne input tc each instrument and one =F the velocity

signals was aprlied as the other input. The output voltages of the thrce

of the directional compeonents of intensity and they were aprlied to the 2dis-
rlay circuits to prroduce the pointers on the oscilloscope face.

The electronic multipliers had ncne of the faults of the
dynamometer multirliers of the former system sc they were uzed in
tests of the intensity meter.

(iy) Compass Tvpe Indicator

The third systein developed for perferiiing the multiplicsa-

tion and display orerations was an eleciromagnetic device intended to replace
everything in e previous systems from the signal amplifiers on. It was a

single instrument six inches square and six inches high which contained means
for nultiplying the pressure signal by two velocity signals and displaying
the vector sum of the products. An actual rotating pointer reprusented the
total vectour,

In using thls compass-like indjcator two velocity signals
ars srplied to fixed c¢oils to produce crossed horizontal macnetic fields and
the pressure signal is applied to another coil teo magnetize a soft iron vane,

The mazgznetized vane rotates about a vertical axis in the center of the instru-

ment tc become aligned with the field produced by the velocity coils. The

direction of a poinier attachsd to the vane validly indicates the dirsction of
the sound intensity vectar,

SN IR A TIAI
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Report No. 6 describes the operating yrinciples of the
instrument and the developiaent work done on it. The poseibility of modify-~

ing commerclally avallable phase angle meters and synchroscopes was first

>

investigated and the ccnelusion waz reached that a special instrument would
nave to be byilt, The consiruction and evaluation of an instrument for

indicating just the azimuth angle to a scund scurce is discussed in the report.

The instrument was found to operate as expected bui it was less accurate and

operated over a more limited range of input signal values than the all

ay
4]
o]

electronic system. These limitations were felt to stem from the rather crude
mechanical bearings used for the rotating vanes and the recommendation was
made that development be continued with emphasis being 1laced on reducing

the friction in the bearings. This further development was not carried on

undar the contrasct b

5 s =
pad TLEE LG o
28 apusss 4

or making vetter bearings were not
available, Test results os this instrument did not discredit the possibility
that an instrument of this type might have sdvantages for scme aprliications
and they did show that this third methcd of indicating the direction of a
vactor quantity was feasible,

e. Auxiliary Fquipmeni

Input and cutput test tvanels not shown in the bleck diagram
of the entire system were also consiructed to simplify checking the system
operation and to perform other beneficial suxiliary functions in the system.
The input test panel cmtains the compensating circuit,batteries for orerating
the pressure detector's preamplifier, and a switching arrangomeni for applying

tests signals at approprizte points in the aystem. Connectors for the ¢
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leading to the underwater detectonrs arz on this panel and terminals for
aprlying a signal from a tes’ oscillator are alsc rrovided on it,

The output test panel facilitates studving the output
voitages of the signal amplifier and the multipliers., It has on it terminals
feor msking conneciions to de and ac vacuum tube voltmeters and other terminals
for making connections tc both the norizcntel and verticel deflection circuits
of an oscilieoscore. Hy means or a Selector switch on the panel the outrut

voltages from every signal smpiifier, from every multipiier, and from the
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uccessively aprlield to the
voltmeter terminal s. By means of ancther selector switch the vertical de-
fiection circuit of the oscilloscope ~an be connected to the volimeter termi-
nals sc that the wave form of the selected signéi can be observed. The two
other positions of this ssccnd selector switch cause both of the oscilloscope
input terminals to be connected o the points where either the azimutn or

elevation angle to the scund source are indicated on the oscilloscorpse.

A low frequency test oscillator aid dc and 2¢ vacaum

e o3

tube volumeters are included with the system as standard auxiliary components.

A

By

vhen they are permanently connected to the test paisle the oreration of every
*leotor switches on
the panels, This facilitates trouble shooting and adjusting the system for
cptimum operation.

Special high quality power supplies for operating the
system components were also coenstructed. They convert the £0 cycle, 115 volt,

ac powar deiivered to them o regulated and unregulated 6.3 volt ac filament
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power and regulated dc power at plus 250 volts and mirus 250 volts. The long
time stability, the regulaticn it load and Supply voltape variations, and
the outpur ripple levels were made betier in these rower supplies than could
be obtained from commercislily avallzble units with similar output capacity.
The excellencez of these powsr Supplies makes it ressible to operate even the
first stases of the high rain signal amplifiers from them without introducing
Antent k-

..... Elc hww Lo bLhie ampliilers,

f. The Assembled 3System

In order that the systzm could be tested in places where no
speciel instrument location provisions had been made, each of the system
components was nade as a separate small nnit. The units were all housed in
sheet iron boxes thirtecn inches wide, zeven and one-half inches high, and
seventeen and one-holf inchics deep. Receptacles for making connecticns to
the units and controls for operating the units are on the front ranels.

The units can be arbitrarily stacked and connected together for rigidity or
they can be scattered about and interzounnected only by bhe electrical cables.
With this sort of arrangcment the gystem can be maneuvered in pleces through
small openings such as the hatchways irn a submarine and cperated for test
purposeé in places where a single large unit could not be tcolerated.

The units were made rugged so they would not te damaged under
adverse operating ccnditicns. They were also made neat and attractive and all
connectors and controls were clearly labeled. Figure 3 is a yhotogranh of the
system assembled in its most compact form. The photograph shows all the urnits

except the underwater detactors required far measuring three components of
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sound intensity and disylaying the hcorizontal and total intensity wectors.
Latels on the units indicate what they are,

3. System Tests

The compie ted system was tested in the laboratory with the detectors
operatin: jnair iran anechoic duct, at a lake with the detector suspended near
the lake bottom in approximately eighty feet o~f water, at sea with detectors
sugpended above Lhe deck of a submarins hovering at periscope depth, and at
a harbor with the datectors susrended above the harbor bottem in approximately

fifvy feet of water. The results of these tests arc summarized here.

A wooden horizontal anechoic duct was constructed for these

tests., It was sixteen feet long and it had 2 ihree feol square cross section,
Sound absorbing fibharglass filled one end of tae duct for a distance of sight

feet and the walls were covered with a three inch layer <f dry sand. A
circular hole in the top near t he point where the riberglass started permitted
inseriion of teat instruments intc the duct.

During tests using this duct the intensity meter detectors

ard

Q.

measured the properties of sound waves rpropragated through it., A stan
lcud speaker placed at the end not containing the fiberglass transmitted

sound energy down the duct. The fiberglass absorbed a portion of the energy

so there was a net flow toward the fiberglass. The intensity meter detectors
were elastically suspended from a cirasular rotatable cover for ths hole in the
tep of the duct. The elasticity of the cords used for this suspensicn isolaied
{te detectors from vibratios of the top and the walls., The detectors therefore

respended to air-borne sound oniy and the behavior of the eulire intensity

i
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measuring system was studied.

The studies were conducted while the loud spesker produced
hoth sinuscidal and complex sound waves. In both of these cases the in-
tensity vector dis i the oscilloscore rointed in the directicn
representing the bearing to the sound scurce., 3Sound frequency variaticns

in the range between 20 and 500 cps rrocaced ne changes in bzaring indications,
Changing lhe relative bearing to Lhe sound scuurca by rotating the detectors
made tne rointer on the osrilinscore rotate %o indicave the new relative
bearing. This result was obbtained also for all sound frequency and wave
shape conditions.
Other interesting results were obtained when speakers ware
cperated atl both ends of the duct. The intensity meter indication rroduced
by energy flowing from one end could be cancelied by energy frow the other
end, And this conld be done when the speakers were operated at the same
cr different frequencies or whon one was driven from a sinuscidal source /

and the other was excited by a pure noise »ignal.

vhern energy canccllation had been cbtained the speakers at

iy

cach end were turned aff zepzratciy. The intensity meter indication showed
iat the intensity vector prodaced by one Speaker was equal in amplitude and
exactly opposite in directicn te the vector produced by the cther speaker,
vhen the speskers were operated at frequencies that differed
only slightly, 2 quite obvious "ueal note" could be heard snd the intensity
meter indicated that energy was flowing past the detectors in first one

direction and then the other. The line on the oscilloscepe screen periodically
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grew to a maximum length in one directicn then degenerated to zero and grew

o=

tc the same length in th opposite direction., It was interesting to note

o -

the correlation between the variatiocins in the loudness of the szocund hearc

C.

at one end of the sound duct and the direction and anpiitude of tne line on

the oscilloscope. I'his coerrelation clesrly indiceted that sound energy flow

These results are described nere because they indicated not
only the svitability of the system for field use hut also some urusval
cheracteristics of the system the® nay make it attractive for academic sound
field studies,

b. Lake Tects
The first field tests of the system were conducted at, Lake
ravis near Austin, Texas using facilities of the Cefense Research Laboratory.
The purpeses of the tests were to see il the detectors operated satisfactorily
under water and tc see if the sy.ie s indicated the bearing to a boat by

measuring at a single point the complex water-borne sounds produced by the

bcat., The details and results of these tests were reported in Memorzndum Mg

lere sV W

pd

mentioned in lection B of the report list, The tests indicated that the sysizm
operated in the manner expected. 'iti the detectors elastically suspended from
a trirod on the bottea of the lake the sy=tem pecinted to a ypicket boat as it
made radial runs at 2 constant bearing relative to thc detectors and as it
cirzcled the detectors,

These tests conducted under condjtions uf very low ambient
background noise also indicated that the system was ready for tests at sea

where conditions wouwld be less ideal.

o~
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Tne instrument was expected Lo be userul 2bcard a submarine

(¥

a pagsive detector of enemy shipring, 50 arrangements were made with the

Naval Electronics Labeoratory at San Diego, California to test the system on

a submarine assigned tc that laboratory. Results of these tesis and con-
clusions reached from them were included in Report No. 1.

system operated satisfactorily with the lzisclors hung above the submarine

deck when the boat hovered and when reascnably quiet conditions existed.

Fairly accurate beariags to suirface ships were obtained whea the surface
ships were operating within a distance of over 5,000 yards from the submarine.

Random traffic in the test area preventec the evaluation of nearing accuracy

and the range limitatiuns of the system., Jince adverse elfiects from this

fiin wore Lo Lo expected fyom thesrotical

o by expe n theoritical considerations, the results

were not disccuraging. They empnasized the fact that the sysitem is best

.

suited for raseive listening arnlications where the svuad field at the

v

fiy

devectors is prodiiced by a single source. Datz indicative of the intensity

meter's capabilities were obtained only cduring occasicaul brief veriods when

-

a sitvaticn of this Uype existed. These data showed that the sysiem was

suitable for low #requency directive listening. #dditional evaluation tests
conducted off normal traffic lanes ars recommended.

d. Harbor Tssts

Tne sultability of the intensity meter for studying the “rans-

3
=
b/}
5]
e

on and reflection of transitory svund pursts ard for locating the source

of tlie bursts vas studied under the asuvspices of the HYarbor Defense Research

al Beaveriail Foint near Jamestown, Rhode Island., This study is reported

Vo
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in Repert Noo €. The responses of two systems with detectors locatzd approxi-

mately 900 feet apart near the bottom of a shilr channel were studied and com-
vared as aroustic water-ccrne energy bursts frum disbant explosions arnd

spiashes passed thc etectors. Tntensity variations with time were observed
on the oscilioscops and recorded simul.tenecusly with a stanaard seismic
oscillograph. The recordingzs were studied later to determine the directional
characteristice of the encisy bursits, With ithese recordings it was possikle

to discern intensity variastions due to several sound pulses froin the scurce

= -

(

aid to caiculate the amplitudes an§ directions of arrival cf each packet of
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energy. Tt ic expected that considering these properties of ezehn
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rulse weould =fiection and propazation ghenomena that

would be quite dil'ficult to cbitair by otper methods. The intensity meter
therefore, is attractive as a tool for use in fundamental underwater sound
studies,

When smooth reccords indicated that caly energy traveling in
the direct path aprreciably influenced the intensity variations, the systenm
zould be evaluated as a splash and expiosion locator. Assuming that in most
applications the detectors could be located where reflections would have a
negligible elffect, the conclusion was reached that the system could be
rrofitably used in z:oustic minewatching. Cnly minor additions to the syretewm
are needed %o make it operate as a continuous automatic monitor and the tests
indicated tha! the system gives the tearings to srlash locations to an accuracy

of better than f 5 degrees wheu the splashes sccur within 3,000 yards of the

detectors. The system operates satisfactorily in the presence of continuous
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noire such as that caused by inclement weather or normal narbor ship traffic.
Since a single detector gives bearing data, very few relatively simple and
inexpensive detector installations cnuld watch over a large zrea.
Further development of the system and additional evaluation
for harbor defense applications are strcngly recommended.

. Conclusions oi the Intensity Meter Usvelopment

The .development repcorted here 1s cuniidered to repredent compiate
fulfillment of the Magnolia Peiroleum Jomrany'z technieal ebligations oa the

intensity meter phase of the contract. The provosed system was assembled and

LS

its usefulpess for passive listening aprlications was studied.

It is felt also tha® benerits beyond those specifiically expected
were derived from the development. The instrument turned over to the (U
can be ussd Jo. lfurther test work or It can U6 used as a prototype for other
systems construcvsd lfor either test or permanent installation. 1In designing
the components needed for the intensity meter, circuits and techniques which
promise to be useful in other systems were develcped. Most rrominentc of
these were the small low frequency directive detector assembly and the
electronic multiplizr.

The field tests whicn demons,zateé the rossihle usefulness of the
inteasity meler for pascive detection ol either continuous or transitory low
frequency sound sources alsc suggested other uses for the system., For example;
it probably can be used fer directive detection instailed in a sensbouy which
would radio the dirzciion information tack to an opération base; it might even

be useful for directive listening in an acoustic homing device where small

detuctor size and low Irequency operation are extremely important; and since
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tho system has been shown to point satisfaciorily wien transitory sounds

nergize the detectors, it can be useful as a detector in an active lou

frequency sonar systeri.

Tiu oadditicn to suggesting these other uses, the tests estatliashed

i)

L2 1S v X

the feasivility of measuring intensity for locating scund sonecces. Thiz s

&

new meinod of detection which might be profitably appiied to syst:zms employlag

other detectors and orerating at higner freguencies,

B. The Impedance Meter Deveiopment

The impedance mever 18 an exsmpie of a System advantageously using
components and techniques developed cua the intensity meter phase of the project.
It Lnvolves detecteors similsr tc those used with the'intensity n~ver; ldentical
compenisaticn circuits are reguired by both systems; and an elscircuic muitiplier
nsity meter performs an operation in the impedance meter

that gives the Jlatter instrument one of its most unusual and attractive

characteristics, The impedance meter develcpmernt was appreciably advancesd b

having these compoanents already available.

The work on the impedance mcter, however, iavolved more than just

agsembling the components intc a neat package. While this was a part ef it

~

the development also involved designing additional special components. These

were intended to make the system a practical and handy one for using a direct

and very fundamental, but rarely used, method of measuring impedancz. In this
impedance meter, sound pressure at a point is compared with particie velocity
ab the same point. In order that impedance phase angles could be read dirscily,

a network was developed that jroduced the sSame phase shif* between two sinusocidal
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signals at all frequencies. This rhase shift was mede adjiusiahle from plus

)
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90 degrees to minus 90 degrees and because
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frequency the control could be (and was) calibrated in degrees. A special
three-phase cscillator was dezigned for use in cezjunction with this phese
shift cirouit and it szrves doubls duty by supplying aiso the single rhaze
voiltage for operating the sound projcctor needed for the impedance measurements.

Uss of the multiplier also simplifies the system and the ¢
procedure., It is used for proeducing an output voltage proporiiona
amplituie and phase of a single selected frequency componznt of the receivsd
pressura and velocity signals. Tnic makes accurate cpsration of ithe instru-
ment pogsible when the noiss level at the detectors 1s hiegh e when the out-
put of the test sound vrsojsctcr is a series of recurrent pulses or soms other
non-sinvusoidal wave shape

Report No, 8 descrites the impedance meter, It =xplains the operating
reinciples of all the sycstem compineats; it gives instructions for testing the
system and taking impedance -iata; and i%t clearly points ocut the atiractive
features and the limitation of vhe System. Test data indicating that the in-

strument accurately measures the impedance of ref lec+ ng interfacs:

=

Ihl
[
i

rresented.

While the impedance meter development was 2 minor phase of the work
on the project reported here, the instrument is a complete system that is ex-
pected to have wide usefulness in studying low frequency, underwater sound,
transmission, and reflection phencmena. Tt was spscifically designed for

weasuring bottom impedances but by replacing the vertically sensivive velocity

detectors in the rickup assembly with an horizontally sensitive unit the systemts
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usefulness can be exlended, The low frequency lmpedance of sningt nulls and
sbiter vertical reflectors could then be measured also.

This sysiem teo embocles coripuncnte and tecnniques that can probebvly

4]

.

P

be used elsewnere. Several otbher Tossi

4

& ayrlications for the three-thass
cseillator ani the calibrated phase shitft circuit have already occurred to
warkers on wiis project, and the possiriiity of using the multiplier secticn
aseparately ac a harmenic analyzer has also been considered. Another possibple
use for the instrument is as an electrical impedance meter. For this use
voitage vignals weuld replace pressure signals and current signals would rerplace

velocity signelc. As an electrieral impedonce meter tin system would be un-

usuzal from the standreint that comrlex itest signals could be aprplied to the

Iv. CLOSURE
The purpose of this report was to summarize the =z2cccuplishments under
Centract Nonr-530(00). It describes the constructien and preliminary evaluation
of two low frequency sy~iems which advantagecusly utilize underwater sound
piroperities tnal have been cdisregarded previously. Also, several techniques
and circuits which are expected to be uszful in systems besides the ones for

[Oe
13

ich they were specvillcally designed vere discussed. These last accomplish-

Y
ments were inciudec to voint out that benefits beyond those intended were
derived from the work.

in the light of this fact and the fact that the completed systems were
Snhown to have severil attractive operating characteristics, it would seem that

the cevelorment snould be continueds A proposal tc do this has uot won sugpport,

-
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however, so tne kagnolia Petrolewn Company rield Research Lahoratorizs will

not continue the work.

This raoport then summarizes the compiete contribution of these

labeoratories on the intensity and impedance meters; aud unles
intenticns are changed. it represents all the work that wi

by naval activities on tness promising systems,
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Flgure 1 - Block Diagram of Inlensity Meter A-1
Figurc ¢ - Block Diagram of Dynamometer Multiplication and

Display System A0
Figure 3 - Photograph oi 3-Component Intensity Heter Instruments A-3
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